Abstract: Genetics is observed as a particularly active field of Sino-Danish science collaboration, brain circulation and funding. Explaining the level of activity of this scientific field is therefore valuable for understanding the conditions allowing such activity. This paper identifies Danish scientific excellence as a necessary, but insufficient, condition. This condition becomes sufficient together with another necessary, but insufficient, condition, which is Sino-Danish transnational science guanxi, or networks and acquaintanceship. This guanxi is based on the previous graduate studies of Chinese in Denmark, or brain circulation. The paper finds that brain circulation in the form of graduate students can have revolutionary long-term effects on Sino-Danish science collaboration and investments, exemplified in the location of Beijing Genomics Institute Europe in Copenhagen.
technology and innovation in both countries. Life science and genetics are central for attaining national ambitions of innovative, knowledge-based economies, which produce goods and services of high value creating high-paying jobs. It is therefore important to understand the necessary and sufficient conditions for such transnational science collaboration, talent circulation and funding in genetics between academia, pharmaceutical and life science industry, and public and private funding bodies as research councils and foundations.
Genetics is a field of particularly strong Sino-Danish flows of knowledge, talent and capital between academia, business, government and philanthropy contributing to the development of life science and industry in both countries. The field can, therefore, illuminate under what conditions such strong flows of knowledge, talent and capital between academia, business, government and philanthropy can be established between a small, Nordic, highly developed economy (Denmark) and the giant emerging economy of China.
Initially, this paper will discuss the importance of international science collaboration and brain circulation for both China and Denmark at their different levels of development. On this basis, the paper turns to analyzing in depth Sino-Danish flows of knowledge, talent and capital in the field of human genetics. This analysis will show the crucial role of deep, personal relationship between leading Danish and Chinese scientists for long-term effects on questions of science collaboration, talent recruiting, funding and investment. Therefore the article applies the term 'guanxi', since that Chinese term for relations or connections and its importance in Chinese society is well known. There is a significant literature on the importance of guanxi in Chinese business and society (see, for instance, Dana 2014 , Gao 2014 , Kuah-Pearce, Rezaei & Schøtt 2014 . However, guanxi in transnational natural science and technology relations between China and the outside world has received very little attention (Zhang 2015) , which this article seeks to contribute to.
It will show how even a small, Nordic country can become deeply embedded in science collaboration, talent circulation and investment with China based on early creation of transnational science guanxi.
This guanxi is a necessary, but in itself insufficient, condition. Danish scientific quality is also a necessary, but insufficient, condition. Together, guanxi and Danish scientific quality makes these flows of knowledge, talent and capital possible. The structural conditions for these flows are the following: the highly developed, small state Denmark is more motivated for collaborating with the emerging scientific and otherwise great power of China, than China is to work with Denmark. China is in absolute numbers a much greater science player than Denmark and has much greater resources and talent pool.
China: the Role of International Science Collaboration and Brain Circulation for Creating a Sustainable, Innovative, Knowledge-Based Economy
China has enjoyed unprecedented economic growth since opening the country to the world in the late 1970s. This growth has been based on an almost unlimited supply of cheap labor for export-orientated manufacturing. This manufacturing destined for export has gradually moved production into more sophisticated products, moving from, for instance, textiles, to electronics and office equipment (Huang, Gouveia & Varum 2007) . However, this growth model has created great social and regional imbalances between groups in society and between regions of China. This growth model is neither socially nor environmentally sustainable. So the Chinese leadership is keenly aware of the need to build a knowledge-based innovative economy, and pursues a range of science and technology and research and development policies with this aim (Huang, Gouveia & Varum 2007 , Cao, Suttmeier & Simon 2009 , Lundvall et al. 2009 , Schaaper 2009 ). Initially, China pursued the 'technology for markets' policy demanding technology transfer to China by foreign companies in exchange for market access. This policy has, however, not been very successful. China has become the home to much high-tech manufacturing in typically information and communications technology, but this is predominantly taking place in subsidiaries of foreign firms. China remains highly dependent on foreign technology, and Chinese manufacturers pay dearly for technology licenses out of slim profit margins (Huang, Gouveia & Varum 2007 , Cao, Suttmeier & Simon 2009 International exchange and brain circulation have played important parts in Chinese scientific and societal development policy since the late 1800s. The imperial government sent students to Europe, the USA and Japan in the late 1800s and early 1900s. These individuals had great influence on Chinese technology and society. China was also the home of a significant number, around 20, predominantly American missionary colleges, universities, medical schools and law schools in the early 1900s until they were nationalized at the outset of the Korean War. These missionary institutions were 'broadband' connections to American society and academia (Bertelsen, Møller 2010 , West 1976 , Lutz 1971 . In addition, a large number of Chinese students studied at universities in the USA. Even after the PRC-US confrontation in the Korean War did Chinese graduates in the USA return to the Chinese mainland (Wang ) . In the 1950s, China turned to the USSR and sent many students to the USSR and received Soviet specialists until the break between the two countries (Bernstein 2010) . Denmark also exchanged students with China in the 1950s and early 1960s according to the cultural agreement between the two countries. This exchange was on a very small scale in absolute terms, but had significant effects on Danish Sinology and China area studies (Kure, Rasmussen & Bechsbøft ) .
1 China only stopped using international scientific collaboration and brain circulation for developmental purposes during the Cultural Revolution. Most of these Chinese students and fellows remained overseas, especially in the USA, after graduating or ending their fellowships. This trend reflected lack of opportunity and personal and professional freedoms in China, better opportunities in the West, and political circumstances in China, accentuated by the events on Tiananmen Square. The tide began to turn with increased liberties to settle and work at will at home, better professional opportunities and political assurances of the rights to enter and leave China at will (Zweig 1997 , Zweig, Changgui & Rosen 2004 , Zweig 2006 , DeVoretz, Zweig 2008 , Wang, Zweig & Lin 2011 .
Returned Chinese graduates and scholars, 'Hai Gui' or 'sea turtles', have since the late 1800s contributed significantly to the development of Chinese science and technology transferring knowledge, as will also be clear in this paper. The importance of these 'sea turtles' is clear from the great efforts expended by
Chinese universities, cities and region to attract them back. 'Sea turtles' are offered higher salaries, research funding, investment capital, residence permits, loans for cars and homes (Zweig 1997 , Zweig, Changgui & Rosen 2004 , Zweig 2006 , DeVoretz, Zweig 2008 , Wang, Zweig & Lin 2011 , Saxenian , Saxenian 2005 , Saxenian 2006 , Saxenian, Sabel 2008 Sino-Danish science collaboration and brain circulation is, therefore, important to the future of Danish society and economy. This brain circulation will be central to creating integrated networks of innovation, knowledge-production, investment, manufacturing and sales between Denmark and China. This brain circulation can supply highly educated Chinese and Danish individuals with networks and deep knowledge and understanding of the other society, its academia and its business for creating such integration. The knowledge and networks of Chinese alumni can reduce transaction costs for Chinese investments in Denmark, which will be increasingly important to Danish socio-economic development in the future, as is clear in the field of genetics.
As is found in the interviews behind this paper, Denmark is at a disadvantage qualitatively and quantitatively compared to especially the USA for fostering brain circulation with China. Denmark is much less well-known than the USA, Danish education and research are much less prestigious and attractive, and much fewer people are engaged and deeply knowledgeable about Denmark. These handicaps all emphasize the importance of early key individuals as YANG Huangming, who leads to a chain of brain circulation between the two countries.
The paper now turns to analyzing the strong flows of knowledge, talent and capital between academia, business, government and philanthropy in Denmark and China for identifying the necessary and sufficient conditions for these flows.
The Background: Sino-Danish Brain Circulation
Sino-Danish brain circulation exhibits an early and very successful example, which introduces the importance of such circulation for innovation and sustainable growth in Denmark, the case of Dr. 
Bringing China into Global Genetics: the Human Genome Project
The 
BGI Europe-Sino-Danish Networks and Investments in Genetics
As mentioned above, BGI has established branches in the major science nations: the USA and Japan. It is natural that the Beijing Genomics Institute would also establish itself in Europe, but it is more puzzling that it would choose to do so in the small state of Denmark. The Beijing Genomics Institute could have established itself in Britain, France or Germany, which were all partners in the Human Genome Project.
For instance, it could have chosen Cambridge, UK, which is home of the Welcome Trust Sanger Institute. 
The Experiences and Motivations of Chinese Genetics Graduate Students and Fellows in Denmark
What stands out from interviews with Chinese graduate students and postdocs in Denmark is the importance of human networks in global science. There may be a tendency to believe that talent flows freely and rationally in global science. However, our interview data and additional observations suggest that there are important elements of path-dependency in the trajectories of global talent in science.
What we observe in interviews with Chinese PhD students and postdocs in Denmark is that Sino-Danish talent circulation in terms of recruiting Chinese graduate students to Denmark is based on two avenues. 
Conclusion: the Necessary and Together Sufficient Conditions for Sino-

Danish Brain Circulation in Genetics
China is dependent on transnational flows of knowledge, talent and capital for developing into a sustainable, innovative knowledge-based economy, where the circulation of talent between China and especially the USA and its effects are well-described by AnnaLee Saxenian, David Zweig and others.
Denmark is also dependent on international science collaboration and brain circulation to maintain and Chinese motivation for engagement with the small state of Denmark (as compared to a large, developed country) has to be explained.
The first necessary, but individually insufficient condition is high quality Danish science and medicine in terms of clinical data, stringent diagnostics, biobanks, cohort studies, and thorough family and medical records. Scientific quality as a necessary condition for scientific collaboration, talent recruitment and funding is to be expected. However, our study suggests that such scientific quality is insufficient to explain the level of Sino-Danish genetic research interaction given the strong pull of especially American top universities.
The other condition, transnational science guanxi, is more surprising and interesting, as it seems Denmark is a major part of the background for the intense Sino-Danish interaction in genetics described in this paper. YANG Huangming has subsequently supervised and mentored Chinese students and junior colleagues to study in or work with Denmark. Interviews with these subsequent Chinese graduate students in Denmark suggest three to four 'generations' of mentor/mentee pairs.
The central finding of this study is, therefore, the importance of guanxi in high-level scientific collaboration between a small, highly developed country and China, under the necessary, but insufficient, condition of scientific quality in the small state. This guanxi reaches decades back in time and rests on recruiting outstanding Chinese graduate student talent for the small state.
The lesson for small, highly developed states wishing to engage in high-level scientific collaboration, talent circulation and funding with China is therefore to both ensure scientific quality and build science guanxi at as high levels as possible. Both are necessary, but insufficient, by themselves. For building
